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I - COOSING 
By Robert T Co::,',.:s..y and iIf:. I~rnold Emmons .. Jr. 
~n investi~9t!on of t~e cowli~g ?nd 8oo1i~g of the 
Ra~£er V-770- E ~ngine jnstallation fn th~ ~do XCSB - l air -
plane has been conducted in the L9ngley pro~e~lp~ -research 
~l~rel . The oresent ""e~ort contqi~s engine tem~ersture 
dqtr and cooling correlation analyses of the engi ~e and 
oil cooler . Three types of baff18s were instellpd on the 
en~ine in the course of the tests: t~~ Canger canventlonal 
and turbulent - flo'v baffles , and t~e ~~SA-desi[neJ diffuser 
h'lffles. 
Enfine - cylinder cooling ~ith either the conventional 
or turbulent - fJo'N :')affles is;.>redi.cted (by the cor:::--elation 
method) to 'l)e 8cequate for militery ~Jo'.ver "-:'t1-: riel". m~:Y 'J.rc, 
end cru~sc Do~er ~it~ Jean rniyture, at tte fl!g~t condi-
t!ons selecte6 for ene1ysis . (j1 cooling is Dre~fct8d to 
be adequate a~ thA selected con~i~ions of militac7 c~imb 
and Ylaxi "'UlT endurance cruise) an(~ ::"8 shewn t" req 11ire a 
slightly larper fla~ exit area than was used in tte test 
configuretio~ for ade~uate cooling at ~ilitary high BDeed. 
Cylinder tem~eratlres ~ere beloN specifieo li~!tsJ 
but e:xcessiv8 tem;Jerstures were measurec: at the marneto 
an~ other locations on or about the engine . 
The t~ree baffle ty?es were each of rner:t in cooling 
a d.i.f.fe!,cnt reP-lon on t~e. cvlinder. An cptimlUll baffle 
design is thus-indicated to'co~bine t~e best features of 
the three tested . 
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I1IT':;:POI)TJCTIO~ 
At trle reque s ~ of tbe Bureau of A.eY>onaut:.c s, :Tavy 
T)enartrr:.ent , an in~n s ti:;a t ic'l or the cowl :Lng an cl cool illg 
charactar~sticE of the P0wer -?la~t irstgllation for the 
~do YOS?- l aiY>plane has been carried out in the L~ngley 
p:'o;)ellar -resecrch 'LuD.;.'1el . rrh1s ai!'pla~1e is a SCO'.lt 
o':lscrvation si Egle - floa t ssapla'le pO' Jered w_~ th a R8!lger 
v - '(70-8 enGine . I t, has a de s1 [;n '1j-Sh s~)Ced w~. tn rr.tl i tar:; 
power of ap0ro7imat~ly 192 miles per hour and a climbing 
sneed of 108 miles per hour ; ~aYi~lm enduranCe in cruising 
flight is obtained at 90 ~il~s 23r hour with 30 p3rcent of 
nor mal power. 
The wind- tunneJ model W38 a fu]J - sc:le mock- up of the 
f orward pert of the fusal.age and the inboard sections of 
the wings . From the f-Lrewall forward , the engine and 
cO Nling tns tall atior duplicated th.::, t [)roposed for the 
prototype airplane. 
The Dur~ose of the investiEation was to determine the 
aerodynamic and cooling cheracteristics of the engine 
insts.llat · on fran; ''''hic~1 the acequacy of cooling cou] d be 
cetermineu . .'2, fU!'ther ~urpo8e of the invsf.tigatL:m v:as 
t o ascertain ~he i'lfluence of sever~l co~li~g and ergi~e ­
baf:Je modifi~at i oils on the aerodynamic and cooling charac -
teris tic s . 'rha ae20dyn8.rn:'c s of the cowl :;"ng in~. t81letion 
incluJing ara?,- , coo:1n;;- 3.ir f1ov.', )r('ss'rr-e dtstribut i o'1s, 
and cooling pressure available dat~ ere pres2nted a~Q dl~ ­
cussed i~ reference J . 
The present report contains the results of testE made 
to determine cooling correlation equations for two sets of 
baffles from 'uhieh the p:;.'e~sure :jr01J~ r-squired for cooling 
the engine for peveral fl ig~ t flEd )ov·:er condi t:i ons nre ore -
dieted and compared with those avalJ.able to d0ter~ine tho 
adequacy of t:1e engirle c:ooli'lg . In aC'.di tion , resul J.:;s of 
measurements of heat rejection from the engine to the oil , 
and other oil cool~r data are present6d . ~rom these tho 
cool~ng-air )ressure drops required for the same concitions 
used in the encino coclinp 9reoj8tiors arc oreaicted and 
compared wi t h pressure dro~s available ~o determine if the 
oil cooler is adeq~~te . Cylinder t:ffi~eretures and other 
i ns~al12tion ten~6ratur0s were moasured under test condi -
tions a ';~-;rcxh:.od_n.; sea--love1 climb at military po'ger a~'id 
maxirrum endurCtnce cruise. : ftGr correc t:ons to s t.::-nc'~ard 
cond:'tiol1s had been made) the various installation tem'Jer -
atures were nr.parec. wi U: li17'['l ting tcm9crs.tuh~' values to 
3 
d 8 i- "" y ,"!': l' ..... t 1.- ~ ,J • _.<' 1 ' .L' 0 ~ '- .J i e -,,,e.:dJ 8 0 U a C j' O. C O C L 1 l'l1?' o f L.hesG lns Jc al lq tl on 
11 rni:; s • ":'11" 1 n ·H v :l dU~ll e J l i r,de ..... t e.TI·')e r a t'u'P. V3.l ' ~ a ti or.. s 
2'10wn in tres'3 t e st s are co mpar &.':' le t o s ,sa -le v e l f l i ght 
r "'su:_t.s . 'I'l)r"!lel t ests simul atin g norr:_al rC1Jv p r c l i mb we re 
L3.C]c:j to e'Jf:: ]uate t h e e f fec t of the crange s in ~affl e s :::.nrl 
e :)'N15r,~: mGd.ific a ti o '1. s on e n g i n e ir:.st 9 llat ~·on t e mc er '1 ture s . 
~1t d~ t 9 ~res ent ed he r e i~ ~er 3 c b ta i ned at t unne i airsp e e ds 
[ 1'0;-;1 E 5 t o 105 mil <:).3 pe r hour. 
~Jl c del 
The wind -tunne l model (fig . 1) was fabric a ted of 
mf'tal and .pl'Yv~lood to the scale of the actual airplane, 
dnplica tlng the fortt 'ard part of the fuselagf' and the 
inboard wing sections. 'l'he princ:!p8.l dimensions of the 
model Bre given in figure 2. 
The cowling, designed a nd constructed by the Ranger 
company,is discussed in detail in reference I 0 Th~_s 
co~ling 1s similar to one developed previously at the 
Langley La boratory for a similar engine in the Bell XP-77 
airplape. Alternate arrangements and modifjcations cf the 
cO\l'ling, including shu'Gte:e arld flcp·~type cooling-a.:r exits, 
~ere evaluated in power-off tests and repo~ted in reference 1. 
The configuration used in the poyer-on tests of the present 
rf' f, ort and sho\~Tn in fi gure 3 was based upon the results of 
the pOWer-off tests. ~:. l cooling-air and charge-air reauired 
b y the eng ine entered through the cowling inlet to the 
pressure box . (See fig. 40) Carburetor and oil·~cooler air 
\I'ere then taken from the re8r of the pressure box. Turning 
vanes 'ere installed in the engine-cooljng-air exits and 
in the oil-·cooler inlet duct. The inlet and exi t areas of 
the cowling components are gi ven in the follovdng table: 
4 ~1:1 l~ o . T 5 I 12 
I, , 
1-~'OW'l .i..ng illlet 
I 
(so ft) , ~rlY'ea , ----I --'--.--.- ~ 
! eil-ecoler - duct flan 
"F 1 .0p i'1 us~ 
"(;'1 e::. open 
I 1 . ILS ! . I I 
, i 
i I 
I ' I 0.05 ! 
I .1+1 
The "Rs:-ng8'r engine uSEd in Ue 'Iodel ~ [;8 operated 
["ro;:1 8. c entrol p91"'Je 1. }11oLmted aut sir . of the te s t SGC tion 
of tte tunnel . The i~8t9l1ation of the engine in the 
morjeJ.. is E.llOrm in r':'f/ure 5 . Perti.mmt engi.ne~md propeller 
d')ta 8.Te ;.JreseEted.:..n the follc,''',int' table. lesults of the 
t7~e test end c2libratio~ of an e~pine o~ t~is ~eries at 
t~e ~aval ~i~crcft F2ctory are given in ~efer9nce 2 . 
f10deJ n'.J.mber . v -T1C; -8 
RG:l·3099 
:nvertE'd i I -lit, 12 cylinder, ~,ir - cooled 
"Po "er rating 
~; 11 i ta:;. ..... Y 
Torma.l 
Cr itJca l nltitnoe (<:)50 
Pro ,~el ler ge'lY' ratio . 
Carburetor . 
Su~)ercharger 
rpype 
\.J Dee d l' [l t 10 . 
550 bh:.) at 3300 rum 
500 ~hp at 3150 rpm 
eooo 
3 : 2 
rS~romo0rg ~D 981 modified to give 
·full ra~ge ~ixture ccntr~l 
. . 
Irnreller diaMeter, in 
. geared 
C.84: 1 
7 · b25 
N8 1'10 . I .5I12 
Dropeller 
Ty:)e . . . . . . 
ru~b"r of blades . 
Di.ameter, ft , 
TIemilton Standard (61 :1A12) uith 
~olded blade root falrin~s 
Constant sueed 
o • ~ • • • • • • • 2 
9 
Three types of ba ffles we re installed on the engine 
in th e cours of the t ests. These a r e shc!\Tn diagram-· 
ma tically in fi gur e 6. Conventional baffles currently in 
us e on th E' V-770-6 2nd V-770 ·-8 engin e s were installed on 
the outboa rd side of th e cylind e r barrels only a s sh own 
in figure 7. Turbulent-flo' baffles, pr e viously us e d in 
experimental instal l a tions of an earli er ver sion of this 
engine, were install ed on both t he inbo a rd and outboa rd 
side s of the cylinder h eads and b arrels . (See fi g , d .) 
The turbulent-flow b a ffl es wer e modifi ed to permit a djust-
ment of the spa c e be twe en the baff l e s on the cylinder 
barrels. A third ba ffl e was design e d and constructed a t 
the Labora tory to cover only the c ylinde r barr els. (See 
fig . 9 .) The dj ffus e r exi t of this ba ffl E was designed 
to reduc e exit 10SS t S En count e r ed with the other types 
of ba ffl es . The diffus er ba ffles we r e installed on the 
left bank only. 
i'ne arrangerr.eDt or t~.e oiJ - cooler in tells. tioYl i.s 
s'lo":n in f:!.[ure 3 . Some pcr t.ir..ent rla t& OL the a il cooler 
and oil - cooler 8yster.: are- p:ivon in the following table: 
Oil-caeler duct 
Inlet area , sq ft .. 
(Ii::;' co01er .. 
sr.,:.')e .. . 
!\r 8 :3 , S q :L rl • 
De'Jth , in. 
Tvbe , diameter , In . 
• • • • 0 • e , • • • 0 .22 
D4D n-Elo713 - ~odifie~ to Dass 
all oil flow tbrough the core 
o 0 • 0 • o. ~lliJtical 
• 0 • • • 7)-1-
. . . 9 
. . . ?21 
~ view of the re~r ~ace of tbe oil cooler :8 ~lveD in 
fi.:<ilre 10. 
The fl9me darnin[ exhaust stacks used 9t first (f16 • 5) fai10~ in o?er~tion as sho~n in fi~ure LI. For the 'Jower -
b n t est S , t r e r 8 for e, t 1: e f i s 11 t a iJ. s . I.I ere cut 0 f f ass ~ 0 wn 
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in figures land 3. Cooling- air shrouds were installed 
on the stacks as shown in fl:.;ure 5. 
Instrument.ation 
St8ndard 6ngin~ instruments included in the control 
panel were oil , fuel , and rrJ3..Difold pressure gages, oil -
i n t.hermometer , and engine tachornetpr . These were su,ple -
mented by numerous tterYHOC oupl8 s , pre s sure JU be s , und 
miscel18neous instruments installed at th~ Laboratory . 
C'ylinder temperatures were me" sured at the f l'ange an d 
in the spark- plug wel l, both inboard and outboard , and a t 
ou t board center' ,of the cyJ inder bar"rel vvi th imbedded 
t~ermo c oup l es . Additional i"1.beci.ded the r mocoup l es wer e 
,installed on cylinders L~ -L and. }-l-- R to obtain t emperature 
variations over an 'ent i re cylh:.de:t·o Gasket ther.mo c o,up les 
were installed under each spark plug. Detai l ed l ocation 
of the imbedded thermocouple sis stown i'n f i gur e 12 . 'lron -
const8,nt2n wire was 'used ,in all thermo ,ouples and all 
t emperatures 'J8re recorded wi thin :!:30F by a Brown self -
balancine:. l)otentio:neter. 
Cool ing- air temperature s were ~re asured 'Ii th the r mo -
couples installed et the cowling inlet and ezi t s, in the 
erigine vee , and in tte accessory co~~artr~nt . Shielded 
t~ermocouples were used in the ensiLe vee (fig . 4) t o 
mlnl mize errors caused by radjation. ':"lr temperatures i n 
t he 1}vind stream ana in the C o.r bu""etor - air inle t were 
measur ed within t lo:p on resistance thermometer s . Oil tem-
neratures into and out c.f the engine 'iVere measured with 
~esistance thermometers (aD?roxi;~te error t l o F ) . 
Cooling - air pressures were mes8urod wit~ open- en d 
t ubes installed between the cylinder ~e8ds and in low-
velo c ity regions behind the baffles as shown in fi gure s 6, 
7, 8 , and 13 . eil - caeler air pre sures were measur ed by 
ope n - end tubes extending through the cooler tubes to e ach 
face a s shown in figure 10 . Addltional tressure measur e -
ments , discussed in reference 1 , Viere n1c(.ie in the cowling 
inl e t , cooling - air exits , carburetor deck , and other l oca-
t 10ns . All pressures were recorded from visual observa tion 
of a mul tJtube manometer" 
Fuel - air ratio was set apyroxi~~t81y fr om a cambr i dge 
fl).e l - a ir meter . Accu:;:,ate dpter:nination was then made f r om 
f uel - flow me2,surements obtaineCi 'Hi th a rotameter and f rom 
~-,- ---~~~~---~----- -~----~~---~ --------~~~-
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~ir -flow measurements obtained with a calibrated rectan -
gular venturi instRlle~ in the ch~rge - air inlet duct . 
'rhe ljleasurernents of charge - air flovi obtained with the 
vcmtur-t viera found to ·agree wi·t hin LI_ oercent with results 
from referencE: 2 for corresponding engine - operating con-
di tions, differenc e s in a tn::osphElr ic con-di ti ons be lng con-
sidered . 
The oil flow through t he engine W5S measured with a 
c21ibrated orifice instal led between the oil tank and the 
engine . 
SY}1BOL S 
cp specif i c hE:at , Btu per pou,nd pe r OF 
D propeJler diameter , feet 
fla fuel - air rat i o I 
H 
K 
m 
n 
total p r essure , inches of water 
constant asso c iated with corr e l ation analysis 
exponent asscciated with 
ex~onent assccieted wi t h 'fl P 
p static pressure , i nche s of wa t e r 
6P pressure dr op = Hf - Pr' inches of wate r 
q dynamic pressur e = lpv2 inches of water 
2 
T effective thrust , pou n d s 
Tc thrust disk l oading coefficient 
t temperature , OF 
6tb charge - air temper ature rise throug!J. b l ower , OF 
tg mean effective gas combustion temperature, OF 
t reference mea~ effective gas t~mper~t~~e, OF 80 
8 iVlR ~;o . t5I12 
difference between average o i l and enter ing air . 
temperature , of 
u unit heat rejection, Btu per minute pe r 100 0 F 
v velocit~ miles per hour 
, r we i gh t (rate of) flow, '~ounds per second 
.6 increment of 
e hea t re j ec tion, Btu per rllinu te 
r. propulsive efficiency 
p air density , slugs per cubic foot 
0" air density r gtio, (p/0.C02378) 
Subscripts 
a a ir at stagnation condltioDA (upstream of engine) 
c oil - cooling air 
e engine - cooling air 
f upstre~m of oil coo l e r or e ngine 
h cylinder head 
o Navy air 
oil engine oil 
engine charge air 
r downstream of oil cooler or engine 
s standard sea level 
M~TFODS AND TESTS 
Tests were conducted to enable pre d ictio~ of antic i-
pated c ooling of the engine cylinders and eil in flight 
at sea level and at altitude, to evaluate cooling in 
T:R No . T 5I12 9 
simulatec sea-l evel flight, and to evaluate the effects 
of baffle ~nd cylinder modifications on cooling. The con-
figurations tested under power - o~ c Gnditions anrl discussed 
in the pr~sent report are listed in the follo~ing table, 
tozetller with the plotting symbols used in the p resentation. 
T;' J 1]' 1 . - TSST CO.TE<'JGlTRATIO"TS 
---- . -- - I 
!C f" t ' jls . b Iii Distinctive engine and corllJng I 
1 on 19ura 'Jlcn '"Tm 0 . t' t lId I 
1 ' 
' v -l com'Jonen 8 1ns a..1.. e 
~i -------',----- -- -- ,-co~ve. l~-~iona~-b~,-;i~~~---------~----- ---jl 
I :F19~~_ed exits IJ c ~\ I ~ 
'I ::'\~ort ::Lhaust ste.cl-rs vIi th shrouds I 
jVan~d oil -cooler - inlet duct 
'----1--- I "!.'urbulent - fJ_ow baffles 
T IF18P~ed exits 
I _II I a I ,>\ Short exhs.ust stecks 'N'ith shrouds 
Ii
i l-~b ---.+------ _~~n~_~:_~il - c~_ol er - inlet duct '----i 
Baffle s,2cinq varied on cyl inder 
1,------- I + barrels le--ft bank-.-----
I ,Diff user baffle s on 
. I /\ I Turbulent- flow baffles on right bank 
I a '/ IFl apped exits I Short exhaust stacks with shrouds I 
IV 1 ______ J ___ ~vaned oil -coo l er - inlet duct ___ I 
1 ___ b_L~ Short exhaust stacks w~thout_ shrouds _I 
I I Short exhaust stacks 'Ii thout shrouds 
I
e' \7 l'5'lapped engine - cooling - alr exi ts 
I I without vanes, fire~all gap seal ed 
! I I 
Pred ir,; ti C'l of rldequacy of Cool in£ 1 n Fl i,gh t 
~he 2~oquac7 of cooling of t he ongine cylin~ers nnd 
of the cil cooler for several engine and :light conditions 
\"'£18 j0termine',: by cO!"lparing coollng - air ?I'8S8Ure dro:?s 
required for given temperature l imits ~ith the pressure-
jrops avaIlable . CorrGlation methods based on tbe w1nd-
tunnel tests enabled ~r edict ion of the required cooling-
air pressure drops . \vailable pressure drops were obtained 
~.~ ~;o . I5112 
from win~-~unnel test~ simllatlng fli~~t conditions , 88 
rl tscu~'Led :: ~ reference 1 . 'rl:e ~li S'h-':; condi tio"1s eelec t ed 
for pred i ctions of cool i ng adequacy are define d in the 
'following table . 
I
r----'------- -;11 ~.;~~~-t-~~y '~-i-;~T-~;; ~~; t~ry- --~;ax-:-~-~~~i 
speed i climb crui se i 
----- -+..., - , i II 
Altitude , ft i 0 1 0 , 000\ 0 '1 9,000 1500 
Air temperature, of I 90 , 2053_;;(; i SO 57 84 r 
Speed , mph I 191 I I 108 I 122 90 
~:luto rich: I I : I 
f l a 10 . 104 i 0 . 102 10.],04! 0 . 103 
Charge air, 
Auto lean: 
fla 
Iblhr I 4300 I 4300 I 43 00 1 4300 
10 . 09 6 10 . 095 10 0096110 . 095 
1_b_/ h_r--+-I_42 50 ! 4250 , 42 50 ; 4250 
I 5 50 
Charge air, 
Brake horselJower 
3ngine speed , rom 
- - a 
,Spark pl u g temp , F 
ja il out te mp , of 
IPlaD setting 
IFlap area , sq ft 
'I Engine e xi t 
Oil - cooler exit 
I 3300 
I 518 
, 2 20 I Flush 
I 0.44 
.0 5 
550 
3300 
518 
220 
Open 
0 . 064 
970 
153 
1800 
464 
220 
Flush 
0.44 
. 05 
-------'---,----
The incr ease in critical 'atti tude over that of the engine 
specification results from carburetor r am, as discussed 
in ref erenc e 1 . ' 
Eng ine - cylinder cooling adequacy .- The engine - cylinder -
cooling - correlation analysis was ccnducted fo r the two con-
figurat i ons employing the conventional baffles and the 
turbulent- flow baffles . Complete details of the method of 
analysis are presented in references 3; 4, end 5 . This 
analysis leads to a relation between cyl Inder t empe ratures 
and engine and cooling conditions fr om which the co ol i ng 
charac t e ristics of an engine can be predi c ted with a mini -
mum of testing . The relation is exp r ess ed as f o llows: 
K(Wn}n 
( oa6P e) m 
( 1 } 
r,'q Ho. I 5112 11 
t}- aver age he :>,d te:npera ture, of (ave rage of tempera turs s 
me8s'u'ed "Ii tb t~lel'mocol..:.p18S im'Jeaoea ne~r -:1:8 exh8.1;.st 
ana intake epark plugs on all cylinders) 
8nd the other quantI ties are 8S defined u:1der Syr,:bols. 
':'he .3 "GaEna tion ~el::pe:,a ture ,\'8.S de termiEe d freT[ tr:.e 
eypr8ssion: 
Ihic!:.. rec:.J.ce~ to ;'., )? 
( vo ~. = to + :1..·79 --
100" 
rhe starnation deLs ity ratic is 8~cre3sed as~ 
Pa a = Pa -
a r's 0. 002378 
wl~rA, ~ro~ the gas la~s , 
fJa D 
1 
+ 46~ y-l 
+ L.60 
( ~ ) 
.Co 
Fro~ references 3, 4. and 5, it can be ~sccrtaine~ 
r.vhe temperature tgo is af!'ected "uy fuel - 3.ir raVo, engine 
timing, and e~ha~st back pressure . For the nresent tests 
the engine t~~_ing was fiYed and the back pressure change 
\vas small; thuc these facto:~s were ne,slected in deterlnining 
the gas terr11Jcra tU.l~e. 
where 
The increment} ~ tg , is ex':!resse -'I as 
6 t g = o. 8 (t c ar b + 6 t b) ( 6 ) 
( ~' ) 
(the increment 6tcarb bei~g ex~erirnentally deter~ined) 
12 
8r:.d 
(su- erc:1arCei."' ti,') ':o'Ceed)2 
'--' --,- - -'. _ ._---_.-.,---,- ( 8) 
Jgc~ 
/. d ~~ 
= 1 1 L. renli-' ne ~orEe, Y' 9l')17 <-
_.,J.. 1. \ - - -. -
\ 1000 
fi1hree se'r'ies of' tests, as ontlL1f'G. in the folloV'l~_ng 
~at le, werJ conducted to ~stabli3h the rel et ionsh ic 
eY,rsssed :n equatio~ (1) , and necess cry ~ lxil l ary're18 -
tionsh j?so Tl-:.e ":,ests v,erCl condllc.:te j '--:i th ":}-;e mON;l in 
+- '1- e C 1_h-bat. t . ,_., 'I-u 0' e ."\ tar i at] 1 00 . 1 ' u ~ , , _. u ~ t..-prex >r'.' e y _ . !T l es ')er [lOUT'. 
- ----- -.- --r' --- .. _-- .- -.--.-- - -- --- .---.-----------
:70 dete"'nLi.TJ.e ; V8r] ! Fold C( !1stc.nt I 
I J : 1-' -- -------.--r- .- - .---.. ------- .;------------... -----j 
I niL" p 1-- m 1-' /,- I 
.- ; .e 'P' r p' J /a.. I I I 
In! '.'i~) .6P e ' rDm , f la I 
I I Itgo irS . ria I fla, :"PTt, "Pe I 
-. _---- --------_._---- --._----_ . . _- - ----_ .. __ ._---_.: 
Fo:;."' Vle test.s with cons rant 1"1 1 e1 '-)"r yr'+- ~O " V"'- J.e .L - d.. _ • i:;l. I..l. , c c .. .:.. 1 
f '"' of - = O . Ob~ was used . 
a -
f ~ 8 obtained. a value of tgo = 107 0 a t i - 000 5 was 
found to corre l e t e b es t as the required ti e - poin t in 
the foregoing series of tests. 
Data fr om thp t hird se r ies of t Es ts ve r e then substl -
tuted in t h e completed cor· r e:t.ation eQuation in ordL1r to 
deterrrine the variation of tgo with f ue l-a ir ration 
To utilize the cOI'l'elatjon method of pred~~ t ioi l ; 
whioh i s based on 8n average cvJ.inde r te~pErature; the 
r e 1a t 10!1shi p be t ween the a ve r 8.gp tempera tur' e and -ebe 
h ighest li mi ting cylindf'r tempera tures Wi. s estobli shed. 
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'rhe cOl'rel :;1l;.i.on cq1.'S tion m3V then be nsee to preclic t 
the avera"e re8d tem'JerE,tln' 8 when the avaL1a1"'le cC'oli.~-lf ­
a~r ,ressur e drop) a~d all otrer ergine an~ fll-ht condi -
tion::: are lmown . F' L 1a1 ly, by us~~n£ t'1e er'tat113hed 
r01 a tir)TIshin of hot t,? s t ve r sus ailer-age tenLera ture, tre 
)C "'k c~)~J inder tenperat.ure may be predicted . 
;'lternativel~" , t he process may ';Je revel'sed to ~Jrodict 
the reouired p r espurs drop for a srec 1 iied limitIng 
~on,)e"-'" turo . 
In e i tLer cC'tse , 'sbe 8.7a: lable oreSS1.Jt'e CirOe) is 
riei-er'1Jlned as a ,ltlLctlol. of' the '0l"0;el~er Vrr-ust oisl~·· 
loadi~g coefficie~t: 
m 
rrho 2e18tio.lst,i~ bet weer. Tc and 0 a 6P e (fig . It) for 
tL€:: ClreE'cr:t roodel was d6torrlir.ec c'uring tl1e wind - tunneJ. 
tests and is detailed in rePerence 1 . 
'rhe tIrrus t C OC' ffl_c ~ ent T c ' sed :ion tnf' COOl' ng 
p::'ec"ictic n -'as o1)iEd!l"d by corr.3c:'ir:z cr'sra teri:::tics cf 
a siri1 0 r ryro~ellel to tre activity factor, 99 Dbr t13~e, 
0 .. ' the _ resent ?ropellpl" , follow4_ng starC::aru Dro)('lle.l~ 
:)roc0dmss. DsinC the artJroximate prop1), l~ive efl'~ciencies 
of 85 nerc8nt in : iIi t.3ry h:'gh s)eed anc: 7) perse: t in 
m~litary climb an6 ~ax~~um endurarce cruise, the value of 
t:.rust 1.tsed in t~1e fo:'e[o:'L:1g equa+-ion yray be obt~ired 
wi thin 3 percent fr-om the equation 
37 5r,_ bhE 
Vo 
( ;'l ) 
VI/here the value of brake "}Or sepovver bh';J ,.., that e:i ven 
in table 2 . 
Oil - cooJing acequacy .- ~he oiJ - c001in7 co~relat!on 
arLaly81Treql..lire-(~(jete;-,rrining tc"" char&cteY'':''stlcs of the 
encino - oil system as a fl~cticn of en:ine re~01~tio~3 per 
;ninute, aY.ld cF:ter1:lining the unit .reat re,iection and coolin£-
a::'r ~)l'eSSll:'e dr'O~ of tho roil-cooling S'Jstelil as a :0u.c-:':'o'1 of c00..i..ing-
a::"r flor/. This ':"nfor:natiol1 was obt2ineo in "Lests s ' w lat:ng 
ma):Ll1um endurs.nr-o cru':'Se, 60 percent ~)cwer Gll"rb, nor,:8.1 
'Jover and militar:r ;JOWel- clin,b, s.:,):ro'.~lp8t'"-1-~, 9.11<4 otr:f-r' 
tests nGCeSsE~ry tc cover the req, ired r?ng3 . In €2ch cf 
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tles2 tests tts engine wes ocer2~e~ a~ steaty cor~iti~rs 
~i.ld otl b:;'Yl'jJPr9.T,ures ",Jere ,:,te.bi~_LZ9d o Tn-at. cOrlc:itioY'.? 
were '''..ot c0ntrol,led , "Lre oi.} -in i-E.r?crat'~re vQ:C'~Ting~rom 
1570 1" to 211.1-0 ~" ar.d the a1.r'-in t::YrJ~""3r3i,u:"3 v['r.T~_n[ i'~,)m 
lOGO" to 12:,0 11' . 
T'} e ')Jlit ,"eot re,;ection is oefi '-lec' a3 the 0-:'1 }:eG.t 
:t'E:J jec t':"on :JeT' 100 0 -::-' dIfference 0pb een th3 c..ve:"8.~e aiJ 
l~erC)erb.tl1r0 End tre 3.1..~ - i:l 6np)!S~&t11_')(' . 
Bt'.l./lOO 0 p/min ( ::'1 ) 
\'ILere 
toil cut + toil 5n t l;.rf = ----.-------.--- - (t!3. + _ ) 
~ .~ 2 (:"2) 
it having ~e8n deter~lned e~~8rl~enta]ly that th8 entering 
qir t .::'ml:er3.ture w~.s '1~nroxi~'1at81?" 50 tig1:'er t''lar the 
stag~at~on temperature . 
~s in the e~gine - cco1inG cor~elation anal~sls , it is 
!?ossible to _,l'edict eIt.Ler tLe li-dtin~' (01:" out) tem~}era ­
t lITe or the 7equlred c)olin~- eir ~ress~re drop . ?o det6r -
;nine the required pressure ,Jrop , 1:.l:e '3n:-' ine - oil s~,Tstem 
C11b.racteri~tics a:L'E' res.d 8S 8 f'J.:1ctlon of' 311[;1:-:8 :"'evol ~ti )rlS 
ocr mElute and t':l.e:c. USC" to ~orr_) l.ltE- the nni ~ beat r8jecti()r~ 
for \liJhlct: t~le reqlJ:~.r-'ed Gael ir:.g - air flo·";- r' y be r'3ac . The 
un~orrected requl~e( cnolin~-air pressure dror , DR~ed on 
the density ~atio at the rear of t~e cocle~, ~9.: tben be 
r8Cico ,"-=,0 co:re t fer the aJd.iti'JYl of Df'8t to t~e air, -cbe 
density ratto at tr-e reqr o~' the oil coole.c ::'8 eV:J.J1l9tSo. 
by nti'-izin: tr"e "1re8Sure at the fr-ont clf t~,.;. coo- er, the 
aml'oxim8.te'HE'8S1U'e drcp ~ ' : ~'OU€,ll tl":!e coele;', and the oil-
beat re:eCti'::>ll .:En' pct'Jl':i s tics . Tb.6 equations u3ec 1:'1 
t:1::' S s tap a.r2: 
o r ' 
_ Hr 
- --,---- x 
(~.68 + t r ) 
( il6c +'c",,' 
--y- ---.--~....!.. 
Ps 
(13) 
or 
'Nhere 
"P :J C ( 15 ) 
s.nc~ 
(16) 
';:-!e vg""':'ati':)n of f::-'bnt Y"ressnre Ef '!Iith 'l'e ';"8 
s~cv'n ~n fi~ure 15. ana t~e available p1"ess~re drop , 6P c , 
iJ E~o~n in fiEure J6 . These tNQ cur V68 ar2 (iscu2sed 
~urther in rpfere~ce 1. 
rl i zht at Sea Level 
'~li--:,c; (:rF':sinr~: 3.Ld cl..':.yrb':ne: S,:)f>EOS ('1' the \,('::;--;-1 3.':'8 
s',lel t;h, t It w&..s.)ossi~)le t.o &pcC::drr:}TO cloc::ely ":h6 cC'n" 
d tiens of n:::.y i l!!'ll.1 ell:h_.l·8.r.~'-~ CI").l.-e EUIC: rril;, 2.ry .'01"0"-
e ·r',l'Ln':. Jli';:~t ::'ij, tb-, ';::1.nd Jcnnns=. o =-~ ccord~ll£l~T; tem:;cre -
t", PE. of' tt-l(3 enti:::'c enC';":'f16 installatiolL v;er8 ott ...,,:"ned 
u;<,3r t116.:e cor.di :':ons fe r the co.'iJ.ing :;<11<:3 'o3.f£'l.: ccnf':i.[;n -
r1"ic~ (II c ) ~o b~ ~nst9.J1ed O~ the rrc~otJrn a~,~~lane . 
Co,,'recti..cYls to 8 1':'6e 3.i::.--' te1"()er3.tu1"e of Soo~? (?-J '7 
s+"-!rda··i: vrer-c' 1113.c1(-' as specl-f'icd -tn r ei'erer.,E; ( : cina the 
tcm-r:erat1.:.res the '1 con',1)8red with l.i.rr,iti"lj.'" t8"I:JE:ra_',~res 
s'~cifi86 in refertrces 6 9~a 7 . T iTit~tions .of the 
".L"'Ct - tunneJ. - 3Deed centro) oY'6ver,t8( 6X.3.C't cllnljcatlon of 
fl.-'r-t.t spceds'i7J. these teEts . Tb8 11'1axhmrr' a'.:;t8.inJ.ble 
:101:>:-C'Jf)wer WtlS a D )}'u,YL118 tely 525 ':,Take :'-JOY'SPDOV et' , tehlg 
l:':--',~ ted 'by the v3nturi '.ns tal.la tion j [).~t:s c:.arge 2.i1" 
1,'1'>-81<e3. -:;>ue l·· air y'attos ,;vere in9.dVer:er.tl~l- c;et richep 
thB~ sppcifipd . ~espite t~e~0 deifiatt)~s fIO~' s~Acified 
fi~8~t ccrd!tions , the accessory te~pe~qtur3S 8~9 con-
si?erea tc te reD'e8entativ9 of three tt'at w~uld ~e 
e:J 01":[l':Jcrej f_t V-l'} EoP8::;5,.:Ciej f J.l."t cCYl'.;.itic:~s . ""1 means 
of ~~c Gorr- 2ti'~ ~ns17sie , 0€s.k cylt1ue1" ~e0pe~~tures 
~L'('; 1''''- ,·,2.1y ').cediG~3tl8 1'o~ the sl"2cif::ed cO()J'::it'l.ons . 
?~l,'""' r(1et~")c)d ot"l ten~~8:rBt1"J'."le c':'''''1''")ec"Slc1n is be C1 l:;d on .3-
~;C';r'r:.-:;'::'on er;piri'.::slly aete~nl::'ne:l TO bA dt:~e(;tl~ :::,ropor -
tir'!1al -:.() tilG C]if·~'f\re1J.~~A in !;'1eas,J'--'ld ar E:~c;~'l':'~~'J(l free 
a.! l' te"-'1,_,;:"I"dJ·11.2'le . l~O tr;r"T)er~p~-',urf) ~cr<-~" ·viCl.!-' r~f'i' a~)i):.~ed 
f ':c- i:t-:- eil "'-'~"cn,:- bet· -:=oen t('st .?,'-:i SL,rcs" 'D:L~> C'ccijnc-
;"3..~. ~)r.:;~~,L~r:. 0.rO).::;, il __ ·~fYlucI1 as -:., .... J(:-:1: ~Ci01: rho·;'9C S~_'_.J~ ... 
CC::'i's~c-'0r's to be lle,sl~'.:.,,:'bl~', 
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This test information enables prediction of accessory 
temperatures not predictable by any more rigorous method 
yet develo)ed . Inasmuch as these tes condi io~s closely 
a?p~oximate sea- level flight condit ions, t~e individual 
cylinder temperature variations from the average are com-
uarEble to those w~ich ,ould be experienced in fligt~. 
Tn addition , a comparison '.vith correlation- predicted 
temperatures may be made . 
-svalua t ion of Ba ffl e and Cowl ing r·~od ifica tions 
In order to evaluate the effects on eneine - cylinder 
and other engine - installation tempers.tures of different 
cylinder baffles, tests of three baffle tYDes were con-
ducted at the normal 1?ower climb condition,approximately . 
The conventional engine baffles, the turbulent - flow 
baffles , and the diffuser baffles were tested . As indi -
cated in the confi~~ration table, the diffuser baffles 
were installed on the left bank only , the turbulent - flow 
baffles being installed on the ri ght bank for this configu-
ration . The test conditions are noted in the following 
table: 
Fli~ht condi tion : ]ormal pO'Jie:::" climb , a:;rproximately; 
_____ . __________ • ____ 1 
Confi ur ation Baffles . Inlet air I fla : o ! 
-----t----------+--.l-..L-J---t----.-! 
0 . 086 ! lIe 
IlIa 
IVa 
Conventional 
Turb'..llent flow . 
Diffuser , tur' bu·-
lent flow 
_i ___ -'--________ _ 
0 00-. / ~ 
107 
In the presentation , the results h:;.ve been corrected by 
the me thod of reference 6 to a comn:on inlet air temr.:e rature 
of 900 ~. The cylinder te~~erature of configuration IIc 
has been further corrected to a fuel - air ratio of 0.098 
th - ta by use of the relation t~ _ th = a constant which follows 
from the engine-cooling correlation. 
The effects on cylinder te~peratures of varying the 
baffle spacing on the cylinder barrels were evaluated 
with the turbulent - £low baffles on all cylinders (configu -
ration 11Tb) at a test condition a pproximating 90 percent 
power climb . The presented results have been corrected to 
a common inlet air temperature and a common fuel - air ratio . 
• I 
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A hri~f ser~es of tests evaluating the effects on 
en,'"i119 teir~)eratnl'e of come cowling rwdificatio~1s was ILade 
~t a9)roxi~ate ly nor~al power cltmb condition . The t~st 
conditions r IB inCicatcd i n the ~ollowi~g ~able. 
(---- -- . --, -- -.. ------- .- - .. __ ._-- - - - ------------ .- ._ . . ,-_ ... _--~.-.-.--: 
1 ,-;onfi c~1)· - 1 , . . J ' 'I - t ~ . .,.,' ' j ; 
irotl'::m I Moolf1caclcn Inl.(o"i4")~~i fa! 
-.- ._-_.- .1----... -.----.----.. ---+--. ----- ---~---.; 
TV I - 'b ' i ' , '1 0 7 ! 0 " n 8 I , 0. lI~onE. - :.8.18 0 . cor"lpa~lSOD _ ' i ' u; r I 
IVa Sx!,a1:'st stack shroL.tds Y' t';Y1oved J.08! . 09B I 
1'1'8 :Sx'-_2.ust 2tSC1: 21--'l['OueJs V)i~ i,'r"ved 116 i . ' .00 I 
erLEtine-coo11ng - ai r ~.;., t val~e"; ,iii I 
rem::V8o. , a.r,c. co"'1 - :: l:'e -'all 
cap se 9.led 
_ .. ___ . _ ___ _______ . __ ._ __ ._' ________ L __ __ . 
!lC the pl'c;scntatioL , ~~Le { ' AS1. 1 t s '.'le r 3 corrected to a 
CCJ'1IT;C'D inlet - air terr1~)2:::' stu:::e an'i fuel - air rftio . 
R2 f'ul t3 are 'lresentec to sho", the acieq1~acy of en g ine -
r:,ylinrJcT' coo2.j.rs anc1 of o il - cooli ng as DY'er:l~~ted by the 
c ooli~: cc~relatlon analyses . I n addition , ~nd i vi aual 
'~'Tli Lder te!'lpe r8t'J rCS and othe r installs.tioD t enl)oratures 
w~afu~0J under co~d it i ons comparabl e t o sea-le~el fli ght 
con6itlons are pre~ented . An eva1.uation of the e:fects 
o~ engine t em~er~tures of ~aff l e and cowling rnodii~cations 
is also shown , a s d:1.sc~1.ssed under ~!fethods and Te..::;ts . 
Pred1c t ~d C00 l 1ng in Fli~ lt 
T~p ~red ict od adequacy of cool ing in fll[ht iE bgscd 
'-l~JCn the ,Tethoc s anr1 te s t s d:l. scus sed in tl"e ')recedin~ 
2ec'.i:::'n. T:-1e v'or 1{j ne; c'r~arts C?r·e ';J resen+'lSd on w~ich tJ1e 
ca~rel a~io~ anal.Tses are basee , anf t~e ae~itiona~ ch~rts 
neccss·3.r:r to use tbe art8lyst:1s pre shown . 
~ngil~e - cJ-linr:cr - .:;()olins correlation . - '1'>'(- v:J.riation 
of the ~if:Grcrtlal temJerature r~tio with' n an0 0~~PR 
18 shown in figur es 17 ~nd 18 , rG~pecti\el: , ~or the c~n _ v 
ventiolls.l and t1.r- bl) 1F.3·'1t - flow baffJ_e in?t;2.J.l9. J"ians . S'J.b -
s tltu tion of the va]~ ~ s of •. a~d n Qete~mined from 
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V"ese 1 lot'" Gl"lable::; pre'Jara'C1.un of t:"e cOtr,'pletbc ansJ.ysis 
cueves 1.1': i'i..)·_n~E:. 19 v:he~;'C'E: the correlation cq11 atlo''1S were 
obt:;<~ir:ed as 
(a ) ConfiVlration IIc 
(b) Configuration IlIa 
t - t h a 
T~e orrclation for he Lurbulent-flow baffles differs 
fr0l11 t~lat obtained j n a rev':'o1.:.s irn-estication for a SOY'1e -
':dl':.t :-,i 'nilar ccnfi.g1.1ratl.OL . TLis differcr.cc is attr~buted 
to ctsn3cs in the cnrburction , jn the blower , 8I~ In the 
, r,~'J.'l(' desi gn . 
The varj :Jtion of roi'erenc(' ('"lean effective gas temper2, -
tJrG ~lth fuel - &ir retio is shown in fi3urc 20. It ~as 
possible to fa::'1' a comr';on curve thr )"I.'oh the poiLts obtained 
for both cOLfi.~.:u.ro.t.~ons . In o-utai!1ir.,s; tilts cu-''''ve , ('1 car -
bu~ctor tenDerabi~e rise of 7 0 , ex}erimentally deterrined , 
\'::~,J l :·cc. in' e<l"at.Lon (7) . 
The rclatlon oetwe'om l",cttcst 81:(' aV3r8..3e (;~-lindcr 
te"l}erGtures , necessary 1. ... a~:;ly~nG ·'b.e cOLdition , in ")~'e ­
senUa in fiGuro 21. It h8.s beEn r::oted tbat the value of 
th ~Ged in tho present ~orrelstiojl is bctsed on the 
Clvel' .':e of tel.lperatures r'1casured with therr.wc011ples 
i:nbec dect rear the exh8'.:tst; f'nd _nta',~E:. 2pa:c~-: pl-u:::-s . 'rl',is 
is in acccrdance with recfrt ~ractico directed toward 
stanuardi.L.8tion of l'rocedlres . The relat::'on31:l1Y) oet !een 
"" 'Jc""'ar,e i.!"11::cddeC: C:ll~ nd",!, 1.e'ld te;;J..I( r8t1..~''''es anti the averace 
s ';)8~k 1)lu{" ga:-;v.rt te' .peraturGs as u.;ed in earlier corre -
l ation work is shown in figur8 22 . 
. redicter' adeou8c::t of er~j ne - cylindel' cool:i.n~~ . - A com-
pari son--of t18 rec;' -lrE:.d· (T~j n(; - coolfr.f - Ciir prpSS1lr-3 c:ro-;J , 
f::.~c(~ictt·r1, '.y t~'1e cOfrel1.t::'on ,!'lCthoci , 1Nith the anJ.ilatlo 
D!'('..:)s"re elrOD lS ')r( sentnc in the f Jllow2.n~ table , for 
tLc fli'"ht conditions s08cif lnd in table 2 . 
Conventional 
baffles 
T:\?r,r.: III. - :~T:'"":":'UAC'! C'F ""YG-nTr:;;-SYI.IED~R COOrIPG 
Fligh t 
condition 
! ·1---- -- --,-----------6P ~--------------·l 
I ~ . ~ (in. H?O) '1 I _'-11 tl tude I Speea -;::-.-- . ., . - , -. I (ft) (mph) l"\etqUll:ehd I RetqU~red : Available I' 
.-------J----r. ~u 0 rlC , I au 0 ..Lean i .; 
Military high ° I 191 I 6 .6 I 9 . 0 I 11.5 II 
speed 10,000 I 203 5 · 9 I 8. 1 .1 10 . 0 . 
Configurationl Military climb 
lIe ° 9, 000 
i 108 I" 4 8 Q I I o . . U I 9 · 0 ,. 
122 5.7 8.1 8 . 6 
3 .4 I Max . endurance 1,500 I 90 --- I . 9 I 
cruise I -l 
Turbulent-flow Military high 0 '191 7 . 8 10 . ~ --- 11 . 5 
baffle's sDeed 10 , 000 203 d . O lC . O 10.0, 
- I" ' I.! 
\Configuration Military climb II 0 I 108 7 ·7 10.0 9 · 0 I 
IlIa 9, 000 \ 122 7 . 8 9 ·9 '\ 8 . 6 I 
Max . endurance I 1~500 I 90 --- 1.4 · 3. 4 I 
c ru is e . ! 1 L I 
-------'--._------------------ - ---- '---"-- -'- . 
N,\TICNAL ADVISORY 
CQ;/[]\ft.n:'TE"S FOT1, A<:.RONAUTICS 
~ 
~~ 
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A sample calculation is shown jon Ap:gendix: A. 
The available pressUl'e drop is adequate for each of 
the specified flight conditions with the mi~ture set at 
automatic rich . With the exceptio~ of tLe turbulent - flow 
baffle installation in mi.litary climb, the available pres -
sure drop is also adequate for the specified fllght condi -
t ions wi tn t.r:e mixture se t at au to!ilatJ.c 18 an . 
The selection of exit areas and flap settings to 
furnish a requil'ed /l'essure d~:,op is di~cussed in reference 1, 
together with a preseLtation of cowling desisn charts. It 
is apparen~ thClt, witL tu0 n1ixturf, at f.utomatic ricI1, the 
cowl flalJs may- be pa....,'ci.a.L 'I_~T cl o.s~'d t:Llereby reducing the 
drag &.nd 'Jerliitting hjgher fli6~lt speeds. Alternatively , 
the nixture may bE s~t at RktOill~tj.C lean and the fuel con-
sumption decreased for Lig~l power operation at. the expense 
of a lclrger cCNlln~ drag. 
Oll - coolin s correlacion .- The characteristics of the 
engine-lU6:c:;-rc 8.t':'or,:- s YS""£8''I:. &S a fl:.nc tion of engine revolu-
tions per' li15·Jl.lt.~ ~r2 slv·wD in :figure 23. The heat rejec -
tion from the ~n;ine to the oil, the oil terrperature rise 
across the engine, the rate of oil flow and oil pressure 
a~e shown. To indicate t30 engin6 h~rsepower of the tests, 
a curve of mcnLfold :Jl'CSf-ll"C i"i E~ls') shovn 1-l. I'1sximllm 
oil-hGE:t rejection o~ 2l'JJ Ltu l)E;r minute r;as meaEurcd at 
3300 revolutions }.-er ri.inut.e; at an oil flow of 105 :90Und8 
per ~inute and a te~perature difference of 36 0 F between 
oil out of ,the engine and oil illto the en6ine. No effec t 
of baffle configuration was noteC: 1'1 these tests . 
The unit heat rejection of t~e oil cooler as a func -
tion of oil - cooler air flow is 3hown in r:gure 24 . In 
additi0.n the variation of the cooling- cur pressure drop 
across the cooler is shown as a function of cooling- air 
flowe 
predicted adequacy of oil cooling .- The required oil-
cooling- air pressure drop , predlctad by the correlation 
method for the f:ight condition specified in table 2 , is 
compared in the following table with the available pressure 
drop . 
21 
.--.-... --.. -- _._-_._---_. -------. 
; : i 1 D p ~ : 
I
FI ight cor..d i t ion: ~l ti tude II 3?e~ d ' .. ___ . ( in .. I-I2 0 L ____ I 
I (ft) (mp __ ) Required i ,\vailablei ! _ .. _________ -+-._. + ___ . _____ .---1 ______ : 
i ~H J l t 9. r y b i gh I 0 I 19 J. e . 9 I J..j. . 1. ! 
I . __ -:~pe ~~ __ . ~_~--~-?O~-I~O 3 _. ___ ~ ~--J- .-~~~-.l 
~tilltarY cllmb I 0 108 I ( . C) I 11.0 i 
______ ----~---- L :1 ~~~_,-~2~-1---6 . i ___ t- __ l-_~·5_. __ .. 1 
l_~~x . c~~r~_~~~~_l __ ~ 50.~_) _1 ____ 90 __ J _____ ~~£ ___ :_~-=-=:.s __ j 
A semole calculation is ShO~D In ~pppndix _. 
The available pressure ~rop ~s adequate for satis-
f ae tory oil cool ire; in mili tary e11mb and in m3ximu~n 
eneurance cruis~ng flight . ~dequate pressure droD may 
be obtained in military bigL spe(,'l by increasing the flap 
opening. From the cowling design charts of reference 1, 
it is determined that increasing the exit area (~lap 
flush) to O. lO square feet would provide the required 
pressure drop . 
Measured Cooling in Sinrulated FJi[ht at Sea Level 
Engine cylinder temperatures measured during tests 
ap~roxi~ating military power climb and cruising ~light 
conditions are shown in fi gure 25, and correcponalng 
ins.tallation temoeratures are given in table 5, Dart (a). 
These temperatures have been correc t ed to an inlet air 
temperature of 900 , and in table 5, the corrE;ction factors 
used are tabula teo.. Cyl inder temperature s - 'ere e orree ted 
by a fsctor of 1 . 0 on the heads and 0.7 on the flanges. 
Tempera tlJre limi ts, wi th whicr_ these re f'ul ts may be 
cC1rpared, are li sted in the foll0 1NinG tab12s: 
Cylinder - Temperature Li~its 
--- - -----------------~. Spark plug---:- Fla;g~---\-
"Power rati~lg gasket temperature ter!1p8rature 
(OF) (OF)! 
~~ili t~r;~'-550 - bh;- --.--. ,-------.-- -51-g-·--------T----315-·--·r 
Normal, 500 bhp _. hr I 518 I 315 I 
ler lise, 350 bhp and below 464 __ L ____ ~o~ __ I_ 
22 I-~1 1'10 . L 5 I12 
Ins tall a tion- 'remper a tl're I hni ts 
,--- - ---- ----,-- '---- --i 
1 I tem i Temp(~; f ure 
1--- -.-------------.-- ----.-i--- ------.---
\ (I ~l in , m~-nir:_uPl tem'Jera ture I 1)+5 
! 0 lion t, l~aXlrrL.lm I 220 
Spark- plug 81 bO'1 250 
!l1ag 1eto I 1?5 
: ccessory corr;partrrent I l q.O 
Carburetor ri se ! 9 
, , 
.---- -_._---_._- ----.-.--.------ _ .. - ---_. - ---
The s?8cified 1 LTi_ t~ were exceede'i in tbe a ccessor'~' 
compart~ent qt thp cruising co~ditjon, aLd on the rsg~eto 
at both the cruis':"ne:; 8..10 cl~jilting cCDd:i.tio·'ls . TilP. ca::."'bu -
r etor.a i r temncrat1.1re J:i.d n Jt exceed the lir:.~t. 
The pattern of e~~~ne - cyli~dcr va~~atlo~ ~as fenerally 
unaffec ted oy the engine po'vor CC~1(U t ion . .:!';ncin'S cyllnder 
ten~erg~ures ncwhere excred0d t~e specified li~its, 
inasmuch as the tes t fuel - 9ir ratins '.re1'e extreme:_~r rlcl: . 
How€ver, in the previous nradiction of cocling ad~q~acy 
it is indicated that sa~jEfactor. engins - cylinter cool!ng 
will be ey~e~ienced at 3uecified 7alues 01 fU81 - air ratio. 
~ cowpari~on of the~e date with calculat:ons us ing the 
correlaticn ~ethod at th~ conditions of test , iLdicated 
a ae:-reemEnt ITi th in ~.o F of the eV6:;:>8g-e ~1ead tem?e!'8 ture 
in 'maximum endurance cr1Jise, and wi tr-.in 7° F ~n mili tary 
pO'He r c lirr'b . 
Sffects of 8effle and Cowling uodifjcatians 
Evaluat i on of bgffle tyoe.- The relative merits of 
the various types of engine bafflo,s are sIJo":n by the 
averaEe temper ture s we e sl.Jred a t co.:'re spone in€: points 0'1. 
the various cylinders (fi g . 26). 'Fr~eE:e data show that 
the spark- plug temperatures ·.!'lere lO'.'/er· "Ii th the turoulent -
flow baffl"3s th8_n wi th e::.tr-_er of t'rte ot."e:' (!es1gns ) whereas 
flange temperature s with conventi onal b~'!.f!'· l E' were be low 
those with the turbu~ent - flow or dlffuser jazr!es . T~e 
lowest barrel te~geratures we r e obtai~ed with the d':"ffuscr 
i nst011ation designed at the Labcratory. A ~orc detail ed 
co:nparison of the cyl:Inder tempera.tur'e 'N _t. tL the var:i.cus 
baffle configlrat ions is ~resented in fiClre 27 . T~e 
pattern of te~perature var~atlon over the engine was 
gener&lly unaffected by ctanges jn baffle conflfur~~ion 
(fi g . 27(a ;) . 
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, fTlerrperatur8S measured at 17 r-oints 0:1 cylinter LI- - L 
and 4-R '.i th each "baffle config
'
.1r,tion Eire sl~o\,;n ~n 
fj ~ JTe 27( b) . .1.n inspection of the tenqer0L.1.:~es rrs.?sured 
on cylindel' 4 -1;,88 shown in figHI'e 27( b), :ncic··~tes -I::h2,t 
the 10'."8 ~ t a ve::"'R~e te:-rlPera ture over the en tir'e c,Tli 1'1d8r 
barrel was obtai;ed w: ih the diffrser baffle . T~is baffle 
3.~)"e8rS to be def:1 cient only at t:be i:'l&ngc End Ol'tbo9.Y'd 
r'2::"'~ -~lu3 ther,ocou~le loc~ti0nR. It is ao~a~ent t~at 
modificatIon of tte di:::'fuser baf:P le at the fliln.;e "f:ould 
result in Im~roved cooling at this locatio~ l . T~e feasi -
bility of t~is ~ociific8tion is shown in t~e baffle dra~in& 
f:'g-ure 6. :\.pDl ica tiO~1 of the di ff'L1Ser' oesicn to a head 
baff13 would be 87pectpd to reduce the temJerature at the 
outboard s?ark 91ug . 
otr.er installation temperatures (table 5, part (b)) 
recorded during the tes~s with the various baffles s~o~ 
tha.t the reconmended lirr:its we r s E'.xceedec on the magneto 
by 330 to 43 0 and on tlle s~)flrk -plug el bows of cylinder u-:i 
by 200 to 350 for e 8ch ins ta lla tion , enG. under son,e c ondi -
tions on the plug el bo'.";s of cyl inder l - R . Carburetor a::2 r 
temperature was marginal . 
~valuation of various spacinfs of the turbulent - flow 
baffle s on l.·he c ylinder barrels . - Terrmera turE s recorded-
CIi)rTn!~(-uieseries of tests ':lace to evall'ate bafflp - g:ap 
erfee ts ere shown in f ig'ure 28 . To exoe di te tes thlg , the 
s]acings were different on the various cylinders durinG 
each test. It is believed that t) .. e error iDtroduced 
because of varied spacines is of secondary importance . 
The cylinder temgeratu~e as a function of outboard 
and inboard ga9 is shown in figure 29(a) and (b), reS0ec -
tively. These data indicate that the outboard gap s~ould 
be set between ~ and 1 inc~ on bot~ banks . :nboard gap 
+ settin~s of aoproximately 2l inches on the left bank and 
~ ~ - . 2 
If inches on the right bank &9pear to provide the lo~est 
'-l-
tem;)era tures. In general , the inbcar d [E,D sr-:tting a)DearS 
to be les2 critical t~9n the c'tbeard s~ttir[ . AS the 
outboard gaT) Brea is r'3duced below tr,9 effective free 2..rea 
betwee'l. cyl ineers , a rapid increase L'1 temper'B ture may be 
eX'8ected . 
The standard settings , use~ in all ether tests of 
these o<.::ff'les were 1 inch on t~e (utbe'J.rd side of both 
2 
bark3, 2f il.ches or: tJ e left ba-'1.:( inboard, 
LI" 
or_ L1e x'ight bank. inboard 0 
, 
ana 1.;:;- lYl8r.es 
c::. 
"4;ffect of rerr'Gvtnp' e7~lBust· - S+-sc:{ ~hr·::nl(ls. - rrLe effect 
on englPe terrlpe:"a fure s -QT' {>err.oVTng t:1eexh-"',11 s"t - s J •. aek 
s~louds is shown in ~icure 30 an~ ta~e 5. InboGrd c:11n-
del' heqc temlPratiAres -,'en;) 21ightl~7 n-:,~}'er w5thout 'elLe 
shroud3 , but the outboarC hoad ta~~er3tDres ?ere red~ced 
b"'cau s, of the Llcrea 3ec cool ins s. ir ; '1 CW. 
1.\.1 tr 0'1G;"h change s ~.n cJl.i..nder te'TlpGra tUY'e s were S:-'1.8.1 1 , 
3. prec:l.sble inc:::"e.:..SI'"'8 :'n 'Jther iYlstall.ation terrJDeratures 
accompanied ren:ovaJ. of t!:e Shr01JrJ.s j (s8e table "5, I-art (c)). 
The caT'buretor air te'TI~el"att.lre 'N ,::"S increased to l!.;.o 1" above 
~1e free - stream terperature, the spark - plug elbows ~ere 
ho ter ar.d the acce S snry c om~; 8rt"nan t t elYi"C' era -GuY'e was 
increasec. to 350 F &.b0ve +-he Z'ree--streB'TI temi)erat:..lre. 
Effect of re~ovin0 the engi,e-9ir exit "BneS and 
sealin?; the.:r:Lrewa~.l ga:?--::-:' 31.:i-,ul taneOU3 seal~ng of the 
fir )wall - co:.ljng g3.pgnd removal of the engi.ne-eool::'ng -
air exit vane s a::"e sf: 0\ n i.n f i€,'J,re ;1 to have [:8 d nsgl::' -
giole infl uen.ce o~ the er.£ine cyl':'nder tempsrs.tures. 
This change , however , by reducirg the f10w t~rough the 
accessory compE.rtment a:'fectef':::' a 150 p r2.sG in . cC8s20ry 
compartment tempera tur'e . (See ta ble 5, Dart (c) . ) 
CCNCLPDJ~J R~~A~IS 
The Drincical res"lll ts of the tests of the rCS.8 .. 1 pov;er 
plant installation , 1S dl~cu3sed in t~e ~r8sent report , 
may be SUTI'IiJari?ec1 b"riefly: 
1 . ~ngino - cylin~9r cool~nr w'th the convention 1 
b8.ffles i.s [Jred) cteri to ~)e adeq-.ate (by tl- e co:'re1:1-::;:'on 
~3thod) for the ~ilit5.ry ~o'er and cruise pONer flight 
conditions selected :or 8.nalysis. 
2 . Sngine - cyJ~n~or cooJinp ~ith t~2 tur~J]ent - flow 
baffles is Jredicted to be a~9quat9 fer the selected 
flight concitions , 8xceot in 'TIJ.litary climb at an auto 
lean mixture setting. If operation in thE. auto lean 
condition is desirec', adequate coolinF may te obtained with 
larger exit ares.s. 
3. OLl cooJine; ~.s pr-o'c-cec to be Bc<cquate (~)y 
c orrelation method) for the s01pcted flight cO~Gjtions of 
military climb aDd maximum enc:ur8nce cruise, ':Jut iYlaCleq'late in 
!lip. ~Joo L5I12 
"11":' i ta:.'Y ht~h s'O'~ec'. However ] adpqw3 ce COOl '.r,g er:..y be 
O~)tail1t:H' i'1 mili.cB.:ry ')iSh sDeed 0:"" i~lC~E'ElSlng s:;'·r;rtl-.r 
the e"nt a:::-'e8 . • 
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4. S)9cified temp~cat~re limits vere ayceeJp: in the 
8 r cE'ssor;1 cO:l:,a1"tlilert a11(: 3C tbe m&[r:'2cc in tests a"'''',1'O' .. -
mating the 'TI8.: im'_m~ en:lu r ·ar.c8 cr'.J.I Q 8 con ...... i tiod} 3"1.J ~.:, che . 
na,--neto in :lOl'rral <..DG m:~lit8.~'Y' i.:>o'r81" c'irb r.o1,-1,:':C'!l::: 
wi th t_~.." conV6r' tirn,f' 1 lJaf n e iLS tall a t:'on. 11 [' e-rJs L~'~ TP,lDPe.rr:-
t'l.l'e ~ were a:'.. sc e 'C"" s 81 Ve w'. tr t~t:; () t.h-::~ t\i 0 l'9i'::" ls ] D3 tal·-
1 a eions l'n ..... Cli ... te s·;:; l on.ji '. iOl'lS as: )r0X.: 'T~ +;ing il0.!'.'{[1c' 1 ~)o ' Je:::, 
c::'il'"b . '':.xc'::ssive sl-2rt-::-s;Jug (;11:0\.., termer'atu'''8s I ~l'e 
encountered uncer tpst ~or~it~c.s aF;r0A~~a~:ng ~~r~al 
power climb with all th~ee t~rfle t;pes. 
5. The conventic~al ta;~l~s W6re rou~d to provide 
lOWel- ~)eah flange tt,m:J2ratures, tne h:.rbulent ··flow b,SIles 
p:::'o ~ided lC'.e!' nsa 1{ r0a rl t.Em')'c:::'&::'.l."'es, and P1S _ A':.'A. 
de signed diffus - r ba~f'18s ':)roviosd J owe",' cylIndel' barl3: 
te.:n~)eratures . ~nco1"porst~.on of t1-:e bEst res t;l~!'('S n;" L"18 
three tyoes into one baffle , whjc~ &ppaars to be fea~ible, 
would be 0Yl_·ectec to provice trnprove:tr'ent in cyl ~nder 
cooling . 
6. Optilmlrn s~acing between turbulent-flow taf:lcs, 
on the barrels, wa3 found to be a~~rcTimately 1 Inc~ on 
the outboard side of hoth 
bank inboal'd side , and If 
4-
eide . 
banks, 2~ inches Or' the 13ft 
2 
inches on the r],£"Lt bank inboard 
7. Rern.oval of the exh8ust - Et8c~ strot ds affectecl 
cylinder te~perat~res only sligh~ly, but increased t~8 
carburetor air ~8n~eratu1"e above the specified ~init, as 
"rell as incree.s ing sDarv - -olug ellx1J\; temperatures 3nd d:e 
accessory COIJ1pBrtment temt)'3rature. 
8. Simv..lt3.neous ~e81ing of tr.e ~lre.\fall - co';'lii1g gap 
and re~ov81 of the eng:ne - cooling- air e7it venes ~aj 
· I 
J ittle effect on cyliLder tempe:..'atuY.'Cs but j_ncreascd the 
8ccessory C'lFpartr"ent terr'Jerat'll'e . 
I ,ar.gley ~f":lmor'i al !\.e -:-' or:avtlt::al [,abora-sory 
Natio~al ldvisoY.'J Con~itteo for ~eronavtics 
r aT" gl ey F'i~ld, ITa. 
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CALClT[ ATIOF OF ADT;;~UACY OF E'NG I~1~ -G"i't, r:;\TD~R COel ING 
The p~ocedure followed in determining the engine -
cooling-air pressure drop required and the available 
pressure drop is shown in the following table, applying 
to t~e conventional baffle installation in military high 
speed at sea level. 
I·.-J~ _____ I_t_e_m ____ -- ----r-li ~-ou-r-c~ --------~ 
---" 4 
1.1 Engi~e - cooling-ai~ fl ap i 
setting " 
2. True airspeed , Vo , mph 
3.1 Al t i tude , ft 
I 
4'1 .~~r temp~ra ture , to , OF 
5· · AlI' censlty , Po , 
slugs/cu ft 
6. Brake horsepower 
7. En~ine rpm 
18.!Fuel-air ratio (auto le an) 
1
9.1 Temperature limit of I hottest hoad,op I , 
-~---f- .--.-
I I Specified I . 
i 
I 
I 
I 
I Flush I 
191 
0 
90 
0.002248 
550 
3300 
0.096 
518 
J 
28 IVlR No . L5I12 
---------.~.------------ .-- -------- ~-- .----I I Item Source I: -lo.1I-Dyna~i C- pressur e , --- It e," s--.;. , 5 116.971' 
I qc ' in . wa ter I 
11.1 Cooling-air temperature , 2 , 1.~, eq. (2) I 97 I 
+- OD Va ' l' , 
I i 12. Cooling- air density I 
, l'atio , Ga I 
I ! 
1 3 . 11 Average head ternparat~r~1 
t 0;:0' I ~h, ~ 
I ll . : Referenc e gas 
I tgo' of 
I 
15 . 1G-8S temperatu~ incre:"'lent, 
temp3 rature, 
I 
! 
I
I 8, t g , of 
16 .. MeRn effective gas 1 i temperature,. try , °F' I ! 0 
17 . 'rermera ture dir.:'erencc ratio I 
(th - ta)/(tc - tb) " 
1 8 I (-'~ \ !'l/m/ . 
_. " p i Gab?e I 
19 . Charge-air flow, 
3600 -:;P ' l.b/hr I 
I 
i 
I 
I 
I 
22 . , ~equired ~ressure dr-up , I I Pe , in . water 
23 'I T c 
24. ~vaiJable preasure 
L',Pe/qo 
!'8 t to, 
~~ai~able pressure dro? , 
!.IP e , In . wate!' . 
4, 5.1J., <3q .(3),~~ i 0 . 976 
:: , fir . 21 ( a ) I 478 
I 
8, fif! o 20 980 
~. , 7, eCi. . (6),(7), (2) 203 
1~_ , ' c:. eq . (5) 1183 ~./ , 
11~ 13 , 16 
· 5!+0 
1 -} I , ::'ig . 19 .1 57 
6, ( , r ef. 2 4250 
19 1. 392 
12 , 20 8.82 
12 , 2 1 9·0 
Eq . (9) . o6L~ 
. 68 
10, 2)+ 
I 
I -
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CALCUI .\.TION OF AD::~~TJA.CY OF' OIL - COOlIJG 
The procedure followed in determining the oil -cooler -
air pressure drop required for rrilitary high speed at sea 
level and the pressure drop available is shown in the 
following t able . . 
Item 
1 . Oil -cooler flao 
setting 
2 . TrIe airspeed, Vo ' mph 
3. Al ti tude, ft 
'4. Air temperature , to, of 
5· Air density , ' Po ' 
slugs/cu ft 
16 . Air pressur e , Po' in. water 
' 7. Brake horsepower 
8. Engine rpm 
9 . 1 toil out, of 
I I , 
Source 
Specified 
191 
o 
90 
0.002248 
408 
550 
3300 
220 
30 MR ~o . L5I12 
-I ---I----o--~::-O---
-;~~D;~~~ic . pressure ____ l_~_~:~rc e I ------,~-,-I, 
'1 qo , In . water 
I 
i 
1
11 ' 1 Coolingoair tempera tUI'e, 
1 t a , F 
1 I 
112 . Cool ing- BoL.' density 
I r atio , on 
I
, 13 . Oil temperature rt sa , 
6 t . ~ o""'r" Oll. ' 
l~ . IOil flow , -"Joil ' P)/:r:in 
I 
1 5 . ! Oil heat rejectionJ 
8 oil" Btu/m i n 
16 . t -1 . Ol 0 In 
17. tdiff' of 
18 . TJhit heat rejecti0n , U 
Btu/min/100 o F ' 
, 10 I -",- C Oil - cooler air flow , 
',,,'c , 1 b/rl'1o in. 
20. 
I 
i21.I T c 
in . water 
122 °1 ~"f - Po ) /qo 
12~ °1 ~'r ' in ° water 
12:-1- . ,1 r , in . water 
I 25 · t r , of 
I 
1 26 . O'r 
I 127. 6Pc , r equired, in. water 
1 28 . 6?c/q o available 
i Items 2, 5 : 16 · 97 I 
I, I I 
2 , 4 , eq . (2) 
L~, 5, 11, eq .(3),(W 
8, fig. 23 
8, fig. 23 
8, fig . 23 
9 , 13 
I ' 
, 97 I 
! I 
I I 
i ° . 976 i 
I I 36 . 0 
I 
I : 110L~ . 0 I 
I 2100! 
I 124 
j 
9 , 11, 16 , eq . (12) I 105 
2000 15 , 17, ea . (ll) ! 
o I 
I 
1. f3 , fig . 24 216 
I 
19, fig. 24 
eq. (9) 
1, 21 , .p . , 
.!. 19 . 15 
I 7 ·9 i 
i 0.064 ! 
! 1. 28 I 
5, 10 , 22 
12 , 20, 23, eq.(WG.Si! 
I 
11 1 c: '1. q (11') ! , _), / ' eq . 0, 
2)-1-,25, eq . (13) I 
i 
20 , 26 I 
1, 21 , fig . 16 I 
L.22 
"IG 
c...I' 6P c ava i lable , in . water I I 10, 29 I 
-------';------
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TABLE 5. - ENGINE ACCESSORY TEMPERATURES 
'fest condition 
Configuration 
RPM 
BHP 
Fuel-air ratio 
Flap setting 
Airspeed, mph 
Item 
As 
measured Free stream air 
Corr. 
lractoI 
trnlet air 1.0 
1.0 parburetor air 
1.0 lAir in VOf) 1 
1.0 Engine-cooling-exit air, left 
1.0 Engine-coo1ing-oxit air, right 
1.0 " Inlet air 1 
~& 1.0 :;:j ~ Exit air 1 
.7* o 0 011 in 0 g~ .7* () 011 out 
.., 
.7 ~ngine case, right side o IS 
.., lot 
.7 Engine mount, right side ~~ .7* iMagneto 
.., I> 1.0* ~ccessory compartment v.., 
~ lot 1.0* ~parkplug elbow, 1-R intake 
Iot..-! 
o IS 
v 
III ~ 
.., f ~.., 
III III 
I> 
M & 
I> 
.., lot 
Ill ..... 
4> 
E-< 
1.0* 
1.0* 
1.0* 
1.0* 
1.0* 
1.0* 
1.0* 
~parkplug elbow, 2-L exhaust 
~parkplug elbow, 3-L exhaust ~Parkp1ug elbow, 4-L intake 
~parkplug elbow, 4-R intake 
ISParkplug elbow, 4-R exhaust 
~parkplug elbow, 5-R intake 
Sparkplug elbow, 6-L intake 
* As specified in reference 6 
1 Average 
(a)Temp. of 
design 
installation 
IIc 
1800 .3280 
153 525 
.081,. 
.124 
flush open 
88 104 
100 117 
90 90 
99 95 
96 95 
153 143 
157 144 
92 92 
139 137 
182 186 
---
218 
192 ~17 
143 138 
179 189 
146 III 
213 197 
--- ---
lOS 109 
109 109 
229 231 
117 119 
137 136 
197 191 
(bJBarne chango I 
(c)Installation chango 
IIe lIla IVa !Vb 
.3l50 .3l50 3150 3150 
500 500 500 500 
. 086 .098 .098 .098 
open open ttpen open 
104 104 104 104 
Temperatures - OF 
112 liO 
90 90 
100 97 
97 97 
144 159 
133 153 
94 95 
138 145 
183 186 
---
229 
223 232 
145 156 
188 197 
109 108 
236 257 
---
115 
ll7 113 
114 III 
270 276 
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Figure /8. - Instol/at/oo of engine -pressure tubes. 
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